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(54) Gas turbine combustor, gas turbine, and jet engine 



(57) For the purpose of reduced NOx gas emission, 
a gas turbine engine comprises a cylinder (2) having a 
combustion region (11) inside of the cylinder (2); a res- . 



onator(16) having a cavity (15) and provided around the 
surface of the cylinder (2) and sound absorption holes 
(1 4) formed on the cylinder (2) and having opening ends 
on the cylinder (2). 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a gas turbine 
combustor which can reduce the oscillations due to 
combustion, a gas turbine, and a jet engine which is pro- 
vided with this combustor. 

Description of Related Art 

[0002] For gas turbines which output shaft power by 
compressing air as a working fluid and heating it in a 
combustor, and expanding the thus produced high tem- 
perature and high pressure gas in a turbine, and for also 
jet engines used to directly propel aircraft by the kinetic 
energy produced by the output of a high speed jet in 
recent years, there has been demand for a reduction in 
emissions such as nitrogen oxides (NOx) from the en- 
vironmental viewpoint. 

[0003]. These gas turbines and jet engines have a 
compressor, a combustor, and a turbine as their princi- 
ple components, and the compressor and the turbine 
are directly connected to each other by a main shaft. 
The combustor is connected to the outlet port of the 
compressor, and the working fluid which is discharged 
by the compressor is heated by the combustor to a pre- 
determined turbine entrance temperature. The high 
temperature and high pressure working fluid provided 
to the turbine, in the main casing, passes between the 
static blades and the dynamic blades attached to the 
main shaft, and expands, which rotates the main shaft 
and provides output power. In the case of a gas turbine, 
the shaft power can be obtained by subtracting the pow- 
er consumed by the compressor from the total output 
power, and, the shaft power can be used as a driving 
source if an electric generator or the like is connected 
to one end of the main shaft. 

[0004] In order to reduce emissions, such as NOx and 
the like, from gas turbines and jet engines, a variety of 
research and development projects concerning com- 
bustors are being carried out. For premixing type com- 
bustors, it is known that NOx emissions can be effec- 
tively reduced when mixture of the fuel gas and the air 
is homogeneous. In contrast, when the mixture is not 
homogeneous, because local high temperature portions 
occur in the high concentration regions of the flame, 
large quantities of NOx are generated in the high tem- 
perature regions andthe total emission of the combustor 
increase. The invention of Japanese Unexamined Pat- 
ent application, First publication No. Hei 11-141878 is 
one prior art disclosing a solution to the problem of an 
inhomogeneous mixture. This prior art discloses a gas 
turbine combustor provided with a vane provided with a 
plurality of small holes at the air inflow side of the com- 
bustor to distribute the inflowing air and provide a uni- 



formly mixed gas. 

[0005] This gas turbine combustor is explained as an 
example of a conventional gas turbine with reference to 
FIG. 8 and FIG. 9. In FIG. 8 and FIG. 9, reference nu- 
5 meral 1 is a combustor, reference numeral 2 is an inner 
cylinder, reference numeral 3 is a premixing nozzle, ref- 
erence numeral 4 is a pilot burner, reference numeral 5 
is a main burner and reference numeral 6 is a top hat. 
Between the inner cylinder 2 and the top hat 6, air path 
10 7 is formed for the air flow provided by the combustor. 
[0006] The air flow provided by the combustor flows 
into the entrance for the air path 7 after being reversed 
by nearly 180 degrees as shown in the arrow in the 
drawing, and is reversed by 1 80 degrees again at the 

15 exit, and flows into the combustor 1 . Near the exit or inlet 
of the air corridor 7, the porous plate 8 provided with a 
plurality of holes 8a are provided. Fig. 8 shows the ex- 
ample for the porous plate set at the exit. 
[0007] Accordingly, the flow of air which has passed 

20 the vane 8 is homogeneous in cross section , and is pro- 
vided to the tip of the pilot burner which constitutes the 
premixing nozzle 3, and to the tip of the main burner 5; 
therefore premixed air, having a homogeneous fuel gas 
concentration, is produced, and a reduction in NOx for- 

25 mation can be achieved. 

[0008] However, the above conventional gas turbine 
combustor, gas turbine, and jet engine have the follow- 
ing problems. While the combustion of premixed air hav- 
ing a uniform concentration has the advantage of re- 

30 duced NOx emissions, in contrast, a problem is that the 
combustion oscillations may occur because of the in- 
crease of generated heat per unit volume because the 
combustion occurs in a restricted area in a short period 
of time. 

35 [0009] Such combustion oscillations propagate as 
pressure waves, and may resonate with parts which can 
form acoustic systems such as a casing of a combustor 
or a gas turbine, and because there is the concern that 
the internal pressure fluctuations of the combustor may 

40 become large, normal operation of the gas turbine and 
the jet engine is difficult under such conditions. 
[0010] Also, the turbulence of the air flow provided by 
the compressor is strong and not readily attenuated, 
therefore, the combustion tends to be unstable. This in- 

45 stability in the combustion may also give rise to pressure 
waves in the internal pressure fluctuations in the com- 
bustor, these pressure waves may propagate, and may 
resonate with parts which can form an acoustic system 
such as a casing of a combustor or a gas turbine in some 

50 conditions. Accordingly, there is the concern that the in- 
ternal pressure fluctuations of the combustor may be- 
come large, and normal operation of the gas turbine and 
the jet engine is difficult under such conditions. 
[0011] Japanese Unexamined Patent application, 

55 First publication No. Hei 6-147485 discloses a gas tur- 
bine combustor for burning fuel in lean-burn condition 
wherein an internal cylinder of combustor is surrounded 
by a porous wall-cylinder having a cavity between the 
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internal cylinder and the wall cylinder. In this type of gas 
turbine combustor, however, the porous wall-cylinder is 
disposed so as not to intervene plate-fins which are 
close to the combustion region, therefore decreasing ef- 
fect of combustion oscillation has not been achieved 5 
sufficiently. 

[0012] The present invention was made in consider- 
ation of the above points, and aims to reduce the com- 
bustion oscillations while maintaining a low level of NOx 
emissions from the gas turbine combustor, and also has 10 
the objective of providing a jet engine which operates 
stably. 

SUMMARY OF THE INVENTION 

15 

[0013] In order to achieve above objects, present in- 
vention comprises the following constitutions. 
[0014] The gas turbine combustor according to the 
first aspect of present invention comprises a cylinder 
having an internal combustion region, a resonator hav- 20 
ing a cavity is provided around the periphery of the cyl- 
inder and sound absorption holes are formed opening 
into the cavity. 

[0015] Accordingly, in the gas turbine combustor of 
present invention, because the air which is made to os- 25 
dilate by the combustion oscillations resonates with the 
air in the sound absorption holes and the cylinder. As a 
result, the combustion oscillations are attenuated and 
their amplitude is decreased, and the pressure fluctua- 
tions due to the combustion oscillations can be control- 30 
led. 

[0016] According to the second aspect of present in- 
vention, the resonator and the sound absorption holes 
oscillate according to the resonance frequency of the 
cylinder. 35 
[0017] Therefore, the combustion oscillations occur- 
ring in the cylinder can be controlled effectively in the 
gas turbine combustor of present invention. 
[0018] According to the third aspect of present inven- 
tion, the resonator and the sound absorption holes are 40 
disposed near the combustion region. 
[0019] Therefore, in the gas turbine combustor of 
present invention . the pressure fluctuations can be more 
effectively controlled by controlling the oscillations in an 
area near the combustion region where the combustion 45 
oscillations are relatively large. 

[0020] According to the fourth aspect of present in- 
vention, a plurality of fluid distribution grooves are pro- 
vided at intervals on the cylinder, and the sound absorp- 
tion holes are formed in the intervals between the fluid so 
distribution grooves. 

[0021] Therefore, in the gas turbine combustor of 
present invention, the combustion oscillations can be 
controlled as cylinder is cooled by the distribution of the 
fluid. Also, this construction enables the gas turbine 55 
combustor to prevent the combustion oscillation without 
deteriorating the cooling effect on the cylinder. 
[0022] According to the fifth aspect of present inven- 



tion, a resistive member is provided in the cavity of the 
resonator. 

[0023] According to the sixth aspect of present inven- 
tion, the resistive member is formed around the periph- 
ery of the cylinder in which the sound absorption holes 
are formed. 

[0024] Therefore, in the gas turbine combustor of 
present invention, by taking into consideration the resis- 
tive member when designing the acoustic resonator 
and selecting the optimal resistive member, the friction 
loss occurring in the resistive member is added to the 
friction loss of the sound absorption holes, and it is pos- 
sible to reduce the combustion oscillations even more 
effectively. 

[0025] The gas turbine combustor according to the 
seventh aspect of present invention comprises a com- 
pressor which compresses air and provides an airflow, 
a gas turbine combustor according to one of the first to 
sixth aspects of the invention, and a turbine which out- 
puts shaft power by rotating due to the expansion of high 
temperature high pressure gas provided by the gas tur- 
bine combustor. 

[0026] In the gas turbine of the present invention, by 
applying the above combustor, the combustion oscilla- 
tions can be reduced. As a result, it is possible to prevent 
resonances in members which can form an acoustic 
system, such as the casing of a combustor or a gas tur- 
bine. 

[0027] The jet engine according to the eighth aspect 
of present invention comprises a compressor which 
compresses air and provide an airflow, a gas turbine ac- 
cording to one of the first to the sixth aspects of the in- 
vention, and a turbine to which high temperature high 
pressure gas is provided by the gas turbine combustor. 
[0028] Therefore, in the jet engine of present inven- 
tion, by applying the above combustor, the combustion 
oscillations can be reduced. As a result, it is possible to 
prevent resonances in members which can form an 
acoustic system, such as a combustor or a gas turbine. 

BRIEF DESCRIPTION OF THE DRAWING 

[0029] FIG. 1 is a cross section showing sound ab- 
sorption holes and the acoustic liner in the cylinder tail 
of the first embodiment of present invention. 
[0030] FIG. 2A is a plan view showing fluid grooves 
and sound absorption holes in the cylinder tail. 
[0031] FIG. 2B is a cross section showing fluid 
grooves and sound absorption holes in the cylinder tail. 
[0032] FIG. 3 is a cross section showing sound ab- 
sorption holes and the acoustic liner in the cylinder tail 
of the second embodiment of present invention. 
[0033] FIG. 4A is a plan view showing fluid grooves 
and sound absorption holes in the cylinder tail. 
[0034] FIG. 4B is a cross section showing fluid 
grooves and sound absorption holes in the cylinder tail. 
[0035] FIG. 5 is a cross section showing a resistive 
member formed in a hole of the acoustic liner of the third 
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embodiment of present invention. 
[0036] FIG. 6 is a cross section showing a resistive 
member formed in a hole of the acoustic liner, and a re- 
sistive member formed on the round surface of the cyl- 
inder having a sound absorption hole of another embod- 
iment of present invention. 

[0037] FIG. 7 is a cross section showing a resistive 
member formed on the round surface of the cylinder 
having a sound absorption hole of another embodiment 
of present invention. 

[0038] FIG. 8 is a cross section of conventional com- 
bustor. 

[0039] FIG. 9 is another cross section of the conven- 
tional combustor shown in FIG. 8. 

DETAILED DESCRIPTION OF THE INVENTION 

[0040] The first embodiment of gas turbine combus- 
tor, gas turbine, and jet engine in present invention is 
explained as follows. 

[0041] This type of gas turbine and the jet engine 
mainly comprise a compressor, a combustor, and the 
turbine as described for the prior art. The gas turbine 
rotates the main spindle by expanding the high temper- 
ature high pressure gas in the turbine, and generates 
the shaft output which is used as a driving force for a 
equipment such as an electric generator. The jet engine 
rotates the main spindle by expanding the high temper- 
ature high pressure gas in the turbine, and exhausts a 
high speed jet (discharge air) to provide kinetic energy 
which is used as a driving force of an aircraft from the 
exit of the turbine. 

[0042] Among the components of above structure : the 
compressor introduces and compresses the air as work- 
ing fluid, and supplies the airflow to the combustor. In 
this compressor, an axial flow compressor which is com- 
bined with the turbine via the main spindle is used, the 
axial flow compressor compresses the air (the atmos- 
phere) suctioned in from an inlet, and supplies the air to 
the combustor which is connected to the outlet of the 
compressor. This airflow burns the fuel gas in the com- 
bustor, thus the high temperature high pressure gas 
generated in this way is supplied to the turbine. 
[0043] FIG. 1 and 2 show the gas turbine combustor 
In these drawings, for the purpose of simplifying the ex- 
planation, the same reference numerals are used for the 
elements which are the same as those of the prior art in 
FIGs. 8 and 9. In FIG. 1, the reference numeral 2 is an 
inner cylinder, and the reference numeral 9 is a cylinder 
tail. 

[0044] A burner 1 0 is provided in \he inner cylinder 2. 
In the cylinder tail 9, combustion region 1 1 is formed in 
the downstream of the burner 10. The fuel gas which is 
a mixture of compressed air and the fuel bums in this 
combustion region. The cylinder tail 9 introduc s the 
combustion gas generated in the combustion region to 
the turbine (not shown in the drawing). The tip of down- 
stream of cylinder tail 9 curves towards the turbine (not 



shown in the drawing). The cross section of the tip of 
downstream of cylinder tail 9 has a shape such that the 
radius of the curvature gradually becomes smaller from 
the middle section of the cylinder tail 9 towards its tip. 
5 Also, a by-pass 12 is connected to the cylinder tail for 
the purpose of adjusting the density of the combustion 
gas by introducing air. 

[0045] A cooling groove (fluid groove) 1 3 is formed on 
the wall of the cylinder tail 9 along the axial direction 

10 (direction of the gas flow), through which cooling vapor 
(fluid) flows. As shown in FIG. 2A, a plurality of cooling 
grooves 13 are formed at intervals in the peripheral di- 
rection. As shown in FIG. 2B, the cross section of the 
cooling groove 13 is semicircular. In addition, the vapor 

'5 supplied from a boiler (not shown in the drawing) flows 
in the cooling grove 13 to cool the cylinder tail 9. 
[0046] Also, a plurality of sound absorption holes 14 
are formed near the combustion region 11, or near the 
fire in the cylinder tail 9. These sound absorption holes 

20 14 are formed between the cooling grooves 13. The 
sound absorption holes 14 and the cooling grooves are 
disposed at an appropriate distance. Furthermore, the 
acoustic liner (resonator) 16 is provided on all around 
the cylinder tail 9. The acoustic liner works as a damper 

25 which forms cavities 15 near the combustion region 11 , 
and between the combustion region 1 1 and the cylinder 
tail 9. The above sound absorption holes 14 opens into 
the ends of the cavities 15. 

[0047] The oscillation characteristics such as the di- 
sc ameter of the sound absorption holes 14 (sectional ar- 
ea) and the size of the acoustic liner 1 6 (capacity of cav- 
ities 15) is determined according to the natural frequen- 
cy of resonance of the combustor. In this case, the nat- 
ural frequency of resonance of the combustor is deter- 
35 mined in advance according to factors such as temper- 
ature, pressure, velocity of flow of the combustion gas, 
and shape of the cylinder tail 9. Therefore, the gas tur- 
bine can be operated favorably for various shapes of 
combustor and various conditions of combustion by tun- 
40 jng acoustically the oscillation characteristics of the 
sound absorption holes 14 and acoustic liner 16. 
[0048] The oscillation reducing operation of above 
gas turbine combustor is explained as follows. When 
combustion oscillation occur during the combustion of 
45 fuel gas in the downstream part of the burner 10, oscil- 
lation of the air oscillation (pressure waves) due to com- 
bustion oscillations in the cylinder tail 9 are caught by 
the sound absorption holes 14, thus resonance occurs. 
More exactly, the air in the sound absorption holes 14 
50 and the air in the cavities 1 5 constitute a resonance sys- 
tem. Because air in the cavities 1 5 .functions as a spring, 
the air in the sound absorption holes 14 oscillates (res- 
onates) strongly at the resonance frequency of this res- 
onance system, and the sound at the resonance fre- 
55 quency is absorbed by friction. Thus the amplitude of 
the combustion oscillation can be lowered. 
[0049] As explained above, in the gas turbine com- 
bustor of present embodiment, because the air in the 
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acoustic liner 16 and the air in the sound absorption 
holes 14 resonate with the combustion oscillation, the 
combustion oscillation can be lowered. Thus operation 
with reduced NOx emissions and the prevention of the 
resonance with the acoustic system, can be achieved 
compatibly. Particularly in present embodiment, the 
sound absorption holes 1 4 and the acoustic liner 1 6 are 
disposed near the flame in the combustion region 11 , 
and the combustion oscillation can be absorbed effec- 
tively. In addition, because the acoustic liner 16 is pro- 
vided around the periphery of the cylinder tail 9, the 
transmission of the combustion oscillation via the cylin- 
der tail 9 can be prevented. Also in present embodiment, 
the sound absorption holes 14 are formed between the 
cooling grooves 13, and combustion oscillation can be 
prevented without causing any deterioration of the cool- 
ing effect on the cylinder tail 9. 

[0050] Also, due to the reduced possibility of the com- 
bustion oscillaLiqn, resonance of the combustor and the 
casing caused by the combustion oscillation can be pre- 
vented, thus, as a result, stable operation is possible in 
gas turbines and the jet engines provided with the above 
combustion equipment. 

[0051] FIG. 3 and 4 show the second embodiment of 
the gas turbine combustor of present invention. In these 
drawings, the same reference numerals are used for el- 
ements which are the same as those of the first embod- 
iment in FIGs. 1 and 2. The second embodiment differs 
from the first embodiment in that the cooling operation 
is not carried out with vapor but with air. 
[0052] Also shown in FIG. 3, in the second embodi- 
ment, the burner 10 and combustion region 11 are dis- 
posed further to upstream than in the case of the first 
embodiment. The sound absorption holes 14 and the 
acoustic liner 16 are disposed near the combustion re- 
gion 11. Also, as shown in FIG.4A, a plurality of cooling 
groove 13 are formed on the cylinder tail 9 along the 
direction of the gas flow, at intervals in the peripheral 
direction. On the external surface of the cylinder 9, the 
cooling hole 17 which communicates with the cooling 
groove 13 and the cavities 1 5 is formed upstream of the 
cooling groove 1 3. On the internal surface of the cylinder 
tail 9, the cooling hole 1 9 which communicates with the 
inside of the cylinder tail and the cooling groove 13 is 
formed downstream of the cooling groove 1 3. As shown 
in FIG. 4B, the sound absorption holes 1 4 are disposed 
in the intervals between the cooling grooves 13, and al- 
so between the cooling holes 17 and 19. 
[0053] As shown in FIG. 3, a plurality of cooling holes 
1 8 which combine the cavities 15 and the outside of the 
cylinder taii are formed on the acoustic liner 16. The rest 
of the structure is the same as the first embodiment. 
[0054] In the gas turbine combustor of present em- 
bodiment, the cooling air is introduced into the cavities 
1 5 from the cooling holes 1 8 of the acoustic liner 1 6, and 
then the cooling air is introduced into the cooling 
grooves 13 from the cooling holes 17. The cooling air is 
introduced into the cylinder tail 9 via the cooling holes 



19, additionally the cooling air cools the cylinder tail 9 
by the convective cooling while flowing in the cooling 
grooves 13. 

[0055] As shown in the first embodiment, in the com- 
5 bustor having such a cooling mechanism, because the 
air in the acoustic liner 16 and the air in the sound ab- 
sorption holes 14 resonate with the combustion oscilla- 
tion, the combustion oscillation can be reduced. Thus 
operation with reduced NOx emission, and the preven- 
ts tion of resonance with the acoustic system can be 
achieved compatibly. 

[0056] FIG. 5 shows the third embodiment of the gas 
turbine combustor of present invention. In this drawing, 
the same reference numerals are used for elements 

is which are the same as those of the first embodiment in 
FIGs. 1 and 2 in order to avoid duplicate explanations. 
The second embodiment differs from the first embodi- 
ment in that a resistive member is formed on the acous- 
tic liner 16. More specifically, in the present embodi- 

20 ment, as shown in FIG. 5, a sound absorbing member 
21 made of porous metal such as cermet is formed in 
the space 15 of the acoustic liner 16. 
[0057] Therefore, in present embodiment, the same 
effect as the first embodiment can be achieved. Further- 

25 more, friction loss not only at the sound absorption holes 
14 but also at the sound absorption member 21 occur, 
and the combustion oscillation can be reduced more ef- 
fectively by the acoustic design of the acoustic liner 16 
in view of the resistive member, and by selecting an op- 

30 timal resistive member. 

[0058] Also, because the sound absorption holes 14 
are disposed closerto the combustion region 1 1 , the de- 
creasing effect of the combustion oscillation can be 
achieved more efficiently than in the case of above men- 

35 tioned prior art disclosed in Japanese Unexamined Pat- 
ent application, First publication No. Hei 6-147485. 
[0059] The constitutions provided with the resistive 
member on the gas turbine combustor are not limited to 
above third embodiment. As shown in FIG. 6, a surface 

40 member 22 such as a mesh made of sintered metal may 
... be provided as a resistive member around the cylinder 
9 on which the sound absorption holes 14 are formed. 
The same effect as that in the third embodiment can be 
obtained by this constitution. Also, as shown in FIG. 7, 

45 if a sound absorption member 21 made of a porous met- 
al as a resistive member is provided in the cavities 15 
of the acoustic liner 1 6 : and if the surface member 22 is 
provided around the cylinder 9 on which the sound ab- 
sorption holes 14 are formed, the same effect can be 

50 achieved. 

[0060] Although the sound absorption holes 14 and 
the acoustic liner 16 arc provided on the cylinder tail 9 
in above embodiment, the construction is not limited to 
such a case. If the combustion region 11 is disposed 

55 inside the cylinder 2, the sound absorption holes 1 4 and 
the acoustic liner 1 6 may be provided on this inner cyl- 
inder. Also, the shape, disposition, and constitutions of 
the sound absorption holes 14, cooling grooves 13, 
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cooling holes 1 7 to 1 9 shown in the above embodiments 
are only examples; therefore alternate shapes and dis- 
positions are possible. 

5 

Claims 

1 . A gas turbine combustor comprising: 

a cylinder (2) having a combustion region (11) 10 
inside of the cylinder (2); 
a resonator (16) having a cavity (15) and pro- 
vided around the surface of the cylinder (2); and 
sound absorption holes (14) formed in the cyl- 
inder (2) and having an opening end on the cyl- '5 
inder (2). 

2. A gas turbine combustor according to claim 1, 
wherein the resonator (16) and the sound absorp- 
tion holes (1 4) correspond to the natural resonance 20 
frequency of the cylinder (2). 

3. A gas turbine combustor according to claim 1 or 2, 
wherein the resonator (1 6) and the sound absorp- 
tion holes (14) are disposed near the combustion 25 
region (11). 

4. A gas turbine combustor according to any one of 
claims 1 to 3, wherein a plurality of fluid grooves 

(13) are provided at intervals on the cylinder (2); 30 

the sound absorption holes (14) are formed 
among the fluid grooves (13). 

5. A gas turbine combustor according any one of- 
claims 1 to 4, wherein a resistive member (21 ,22) 35 
which generates friction loss is formed in the cavity 

(1 5) of the resonator (1 6). 

6. A gas turbine combustor according to claim 5, 
wherein the resistive member (21 ,22) is formed *o 
around the surface of the cylinder (2) on which the 
sound absorption holes (14) are formed. 

the cylinder (2) on which the sound absorption holes 

(14) are formed. 

45 

7. A gas turbine characterized in comprising: 

a gas turbine combustor (1) according to any 
one of claims 1 to 6; 

a compressor which is adapted to compress air so 
and supply a flow of air; and 
a turbine which is adapted to expand the high 
temperature high pressure gas supplied from 
the gas turbine combustor (1) and to rotate in 
order to generate a shaft output. 55 

8. A jet engine characterized in comprising: 



a gas turbine combustor (1) according to any 
one of claims 1 to 6; 

a compressor which is adapted to compress air 
and supply a flow of air; and 
a turbine to which high temperature high pres- 
sure gas is adapted to be supplied from the gas 
turbine combustor (1). 
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